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1.0 RXECUTIVE SUMMARY

This report documents the results of testing on two types of
helicopter transmissions. The analysis of high frequency stress
wave data indicates various types of problems that were detected
with gears and bearings in both CH-46 and OH-58 gearboxes. The
types of discrepancies detected include shaft misalignment as a
function of flight loads; planet gear/bearing assembly damage, sun
gear damage, wear—in phenomena, and the presence of particulate
debris in the lubrication systenm.

The OH-58 data analyzed in this report was obtained from a test
cell trangmission operated by NASA Lewis as part of a program to
evaluate advanced lubricants. The high frequency stress wave
sensors and tape recorders were provided by NADC Warminster but
were installed and data recorded by NASA Lewis personnel.
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2.0 INTRODUCTION

This section will discuss the operating principles of Stress Wave
Analysis and define some of the terms associated with its use. It
will also describe the objectives of this project and the
instrumentation system used to record and analyze the stress wave
data.

2.1 Stress Wave Analysis
Stress Wave ANalysis (SWAN) is an instrumentation technique for the

direct measurement of friction and shock in rotating machinery.
This technique is relatively insensitive to background levels of

sound and vibration, and has shown the ability, in a test
environment, to detect impending failure of gears and bearings in
helicopter transmissions and drive shaft bearings. The SWAN

technique provides a quantitative measure of friction and shock
energy which is related to the amount of damage in gears and
bearings (see Figures 1 & 2).

This computed Stress Wave Energy (SWE) can be recorded for
trending. When SWE increases dramatically, it signifies a
distressed operating condition and possible impending failure.
This allows maintenance personnel to trend SWE readings and
schedule their corrective actions for both maximum efficiency and
minimum downtime. Early detection of abnormal Stress Wave tnergy
levels can provide significant benefits by:

1.) Avoiding unscheduled downtime due to unforseen bearing
and gear failures.

2.) Eliminating unnecessary preventive maintenance (such as
time based precautionary overhauls.

3.) Alerting maintenance personnel to situations which cause
premature failure ( such as misalignment and contaminated
lubricant).

4.) Avoiding catastrophic failure resulting in serious
secondary damage and safety hazards.

SWAN can also be an effective tool at the depot level. Here it can
be used to localize damaged components within a gearbox prior to
disassembly, and to provide a final check of overhauled units, thus
reducing infant mortality rates. This fault 1location can be
accomplisted by using the time history of stress wave amplitude, or
atress wave pulse train. The satress wave pulse train can be
analyzed to determine its spectral content {pulse amplitudes as a
function of the repetitive frequencies at which they ocrur). This
type of algorithm is called the Stress Wave Power Spectral Density
(SWPSD) .
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Both SWE and SWPSD have been successfully used to diagnose the
condition of gears and bearings in numerous types of mechanical
drive trains, including automotive and helicopter transmissions.
SWE has the advantage of being a highly trendable symptom that can
be employed to both detect and quantify a broad range of damage
levels in gear/bearing systems. It is also highly sensitive to
lubrication quality, lubricant contamination, and abnormal preloads
due to such causes as misalignment or improper build-up during
overhaul/repair. SWPSD has the advantage of being extremely
sensitive to very small (early) levels of damage and the capability
to localize the fault to a particular gear or bearing, and even to
an individual race or rolling element within a bearing.

2.2 Test objectives

The original objective of this project was to collect and analyze
stress wave data from 6 CH-46 aircraft over a period of several
months for two purposes:

1.) 7To investigate some anomalous stress wave data previously
acquired from the aft transmission input pinion of an
aircraft at Cherry Point.

2.) Obtain sufficient baseline data to establish caution and
warning thresholds on saelected critical drive train

components.

After several years of attempting to gather data from operational

aircraft, data had been obtained from only two aircraft. It was
decided that the baseline data collection objective was not
feasible within the program budget. The data from two H-46

aircraft was employed to investigate the input pinion anomaly.

In place of the baseline data from operational aircraft, sensors
were installed and data collected from an OH-58 wmwain rotor
transmission under test for just over 183 operating hours in a load
cell. This teating was being conducted under separate funding for
the evaluation of advanced lubricants.

The objective of this OH-58 data collection and analysis effort was
to see if the Stress Wave Analysis parameters of Stress wave Energy
(SWE) and Streas Wave Power Spectral Density (SWPSD) could be
correlated with naturally occurring gear and bearing damage. The
stress wave analysis was conducted “in-the-blind" with no
information provided on discrepant conditions encountered during
the testing and data collection.

Thus the revised program objectives became:

1.) To investigate some anomalous stress wave data previoualy
acquired from the aft transmicsion input pinion of an

8
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H-46 aircraft at Cherry Point.

2.) To gsee if the Stress Wave Analysis parameters could be
correlated with naturally occurring gear and bearing
damage.

2.3 Instrumentation

A1l the data collection efforts and instrumentation for this
project were supplied by government personnel.

The same basic instrumentation was used for data collection on both
of the H-46 aircraft and from the H-58 transmission in the test
cell. This data collection hardware consisted stress wave sensors
with built-in amplifiers powered by an external power supp” * and a
Wide Band Group II FM tape recorder capable of recording data from
DC to 62,000 Hz.

For some unknown reason, data collection personnel changed the gain
of the tape recorder between CH-46 aircraft #01 and #04. This was
done for all channels except the one used for recording the sensor
located on the transmission input pinion. This means that making
a direct comparison between SWE levels on these two aircraft is not
valid for any sensor 1location other than the transmission input
pinion. This data collection procedural change does not
significantly effect the spectral analysis of the stress wave pulse
train, nor the relative levels of SWE as a function of torque on
aircraft jo01.

Data was analyzed by playing the taped stress wave senso- signal
into a SWAN-1 BEARING/GEAR ANALYZER which computed the Stress Wave
Energy and provided the filtered and demodulated Stress Wave Pulse
Train signal for spectral analysis. The SWE data was processed by
a personal computer spreadsheet, and the SWPT was processed into
the frequency domain using a 400 1line digital FFT spectrum
analyzer.
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3.0 CH-46 Aft Transmiasion and Mix Box Data Analysis
3.1 Test Description and Sensor Locations.

As previously mentioned, the H-46 testing was intended to determine
whether or not abnormal fatigue stresses were being generated on
the aft rotor transmission input pinion or its associated quilil
shaft between the mix box and the aft rotor transmiassion. Data was
acquired from only two aircraft at 11 different sensor locations.
Only five of the sensor locations provided data relevant to quill
shaft 1loading question and only data from these five sensor
locations has been analyzed under this contract. The five sensor
locations are:

1. the left side (#1) input pinion to the mix box (engine
combining transmission) (sensor location #7),

2. the right side (#2) input pinion to the mix box (engine
combining transmission) (sensor location §5),

3. the left s9ide (#1) mix box idler gear shaft (sensor
location #8),

4. the right side (#2) mix box idler gear shaft (sensor
location #6), and

5. the aft rotor transmission input pinion housing (sensor
location #1).

Data at all sensor locations on both aircraft was acquired at 8
different flight conditions with corresponding torgue levels that
ranged from 17% to 68% of maximum torque. These 8 Flight
conditions are described as follows:

1. Ground flat pitch - 17% torque

2. Light on gear - 28% torque

3. Hover in ground effect - 68% torque

4. Rolling with nose gear on ground - 25% torque

5. Rolling with nose gear off the ground - 42% torque
6. Forward flight at 20 knots - 60% torque

7. Forward flight at 60 knots - 50% torque

8. Forward flight at 100 knots - 58% torque
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3.2 Data Analysis

Data analysis consgsisted of calculating the mean and standard
deviation for computed SWE values on each aircraft, at each torque
level, at each of the five sensor locations previously described.
Tables 1 through Vv provide a summary 1listing of this SWE
statistical analysis. Data analysis also included plotting one or
more Power Spectral Density plots for each sensor location and
torque combination on each of the aircraft. All the CH-46 spectral
data is contained in Appendix A to this report.

3.2.1 Previous Experience

As discussed above in section 2.2, some anomalous stress wave data
had been acquired, using the SWAN—-1 analyzer, from an aircraft at
Cherry Point, prior to this project. Figure 3 summarizes the
anomaly encountered during that prior effort (in this report the
aircraft is assigned an ID number of "00").

The data acquired from aircraft 00 was limited to SWE readings at
three sensor locations: the two mixbox input pinions and the aft
transmission input pinion. Data was acquired at three torque
levels: 17%, 49%, and 57%. These torque tevels correspond to a
flat pitch ground run (17%), light on gear with nose gear off the
ground (49%), and hover In Ground Effect (IGE) at a torque of 57%.
The torque mismatch between engines did not exceed 2% and did not
contribute significantly to differences in SWE readings.

The differences that do exist between the #1 and #2 input pinions
are small in terms of the SWE variation that would indicate
significant gear or bearing degradation. These differences are
associated with the normal variailions in gear, bearing, and build-
up tolerances.

The “peaking" of the tranamission pinion SWE at 49% torque,
relative to its lower values at 17% and 57% is unusual. It

would be expucted to increase smoothly with increasing torque
levels, as did the SWE at both of the input pinions. The source of
this elevated SWE is unknown but may be indicative of an
undesirable operating condition.

The data acquired under this effort from aircraft 01 and 04 was
analyzed to see if the "peaking" of the transmission pinion SWE at
less than max torque was present, and if so, what SWPSD changes
could be associated with this phenomenon.

3.2.2 Aircraft 01 and 04
3.2.2.1 Stress Wave Energy Measurements
figures 4 and 5 ghow the SWE vs. Torque for the same sensor

locations on aircraft #01 and #04. These figures show that
Aalrcraft §04 did exhibit a "peaking” characteristic of the
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transmission pinion SWE when the aircraft was taxiing with the nose
gear off the ground, but that aircraft §01 did not. Aircraft $01
had its maximum transmission pinion SWE at its minimum torque,
which i3 just as odd as having it at a mid-level torque. In
addition, due to an erroneous gain setting on the instrumentation
tape recorder, the SWE values for the mixbox input piniona of
aircraft 01 are significantly less than the corresponding values
on aircraft 00 and #04.

Figures 6 through 10 provide a more detailed picture of the SWE vs.
torque characteristics at each sensor location on both aircraft.
Figure 6 shows the mean SWE reading obtained from the sensor
located on the transmission input pinion housing at each flight
condition/torque level. The first notable feature in this bar
graph is that the SWE for both aircraft is highest at the lower
levels of torque. This characteristic is most apparent on aircraft
#01. The SWE fluctuations from one torque level to another, are
moast pronounced on aircraft §04 which has its highest SWE at 42%
torque when the aircraft is taxiing with its nose gear
approximately 3 feet off the ground. Aircraft #04 has SWE highs
that are more than 3.5 times as much as its lows. Finally it should
be noted that aircraft $01 had generally higher SWE readings than
aircraft $04. This is particularly evident at torques of 50% or
more, where aircraft 01 generates slightly more than twice as much
SWE at the transmission input pinion sensor location.

Figures 7 and 8 illustrate the mean SWE readings obtained from the
sensors located on the input pinion housings of the mixbox engine
combining transmission. Data was acquired from these sensor
locations at two sensitivity settings on the SWAN-1 instrument, but
the readings at sensitivity C are probably most accurate since the
recorded stress wave signals were closest to the middle of the
instruments dynamic range for both aircraft. Figure 7 shows the
SWE detected on the #1 input pinion and Figure 8 shows the SWE
detected on the $2 input pinion.

The difference between SWE 1levels on aircraft $01 and $04 is
primarily due to the difference in tape recorder gain settings.
However, it i8 clear that the aircraft 04 SWE fluctuated more
dramatically as a function of torque, than it did on aircrafc #01.
It should also be noted that the maximum and minimum values of SWE
occur at different torque levels on each input pinion, and that
this is true for both aircraft.

Figures 9 and 10 show the mean SWE readings obtained from the
sensors located on the idler gear housings of the mixbox. Data was
also acquired from these sensor Jlocations at two sensitivity
settings on the SWAN-1 instrument, but the readings at sensitivity
C are probably most accurate due to the previously mentioned
dynamic range considerations. Figure 9 shows the SWE detected on
the #1 idler gear and Figure 10 shows the SWE detected on the §2
side of the mixbox.
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Again, the difference between SWE levels on aircraft #01 and 04 is
primarily due to the difference in tape recorder gain settings.
Aircraft §01 exhibits the largest range of SWE levels over the 17%-
68% torque range. This ig evident in Figure 10a, which shows the
SWE levels measured on the $2 side idler gear housing. Aircraft
#01 has SWE highs that are more than 3.5 times as much as its lows.

3.2.2.2 Stress Wave Power Spectral Density Measurements

Figures 11, 12, and 13 illustrate the gear and bearing
characteristic frequencies in the H-46 drive train and the stress
wave sensor Jlocations. When spectral lines are present with

amplitudes more than 10 db above background levels, they are often
close to one of these frequencies or their harmonics.

Tranamission Input Pinion (Sensor Location #1)

No significant ( >10 db above background ) spectral lines were
observed at any torque level on aircraft #1. Figures 14, 15, and
16 are representative spectra at 17%, 42%, and 68% torque.

On aircraft 04, a 126 Hz spectral line of slightly more than 10 db
amplitude appeared during data acquisition at 42% torque (nose high
taxi) but then decayed to an insignificant amplitude. At the same
time that the PSD changed, the SWE dropped suddenly from a mean
value of 164,389 to 53444. This is i1llustrated in Figures 14, 15,
and 16. The 126 Hz frequency could be caused by either the blower
drive or one of the idler gears in the mix box. It is likely that
this abrupt change in the stress wave energy and spectral content
was due to the pilot putting the nose gear back down on the ground,
although this was not noted on the voice track of the tape recorded
data. Figures 17, 18, and 19 are representative spectra at 17%,
42%, and 68% torque.

Mix Box g2 Input Pinion (Sensor Location §#5)

No significant spectral lines more thanmn 10 db above background
levels were observed at any torque level on either aircraft. The
only clearly distinguishable spectral line is at the 1/rev and
harmonicse of the mix box input pinion gear. This characteristic is
most evident on aircraft $01, where it is present at all torque
levels. Figures 20, 21, and 22 are representative spectra at 17%,
42%, and 68% torque.

Mix Box #1 Input Pinion (Sensor Location $7)

No significant spectral lines more than 10 db above background
levels were observed at any torque level on aircraft #04. The only
clearly distinguishable spectral lines on this aircraft are at the
1/rev of the mix box input pinion gear and at 75 Hz which may be
related to the aft tranamisaion 01l scavenge pump (refer to item 106
in Figure 11). Aircraft $01 exhibits strong spectral lines
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BLARING SEARING PASS BEARING PASS BEARING DEFECT
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Figure 128
H 46 BEARING FREQUENCIKS
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FIGURR 13

H-46 STRESS WAVE SENSOR LOCATIONS
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Table VI

H-46 Power Spectral Density Identification Code

At the top of each Power Spectral Density sheet
identification code of the form:

H4601171t1.3

This code can be interpreted as followsa:

Character No. Meaning

1-3 H46 = aircraft type
485 01 = aircraft number
687 17 = operating torque
8 1 = flight condition
9 1 = sensor number

10 .3 = spectral range

The spectral range code is as follows:

50 Hz

250 Hz
1250 Hz
5000 Hz

H W N -
nou

on
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associated with the 1/rev and harmonics of the mix box input pinion
gear. This occurs only at the lower torques of 17% to 28%. The
fact that the second harmonic frequeacy at 650 Hz has the highest
amplitude (approximately 20 db) may be an indication that this
frequency is being strengthened by a source other than the pinion
gear. The most likely candidate for this second 650 Hz source is
a rolling element in the idler gear aft surport bearing (refer to
item 12 in Figure 13).

Figurea 23, 24, and 25 are representative spectra at 17%, 42%, and
68% torque.

Mix Box #2 Input Idler Gear (Sensor Location {§6)

Aircraft #01 exhibits strong spectral lines associated with the
1/rev and harmonics of the mix box input pinion gear. The 325 Hz
1/rev amplitudes of this pinion are in excess of 10 db above
background levels at all torques except 68%, where it drops to just
about 10 db. In addition, the amplitude of this gpectral line and
associated SWE levels were observed to fluctuate significantly
while operating at a constant torque. Figures 26, 27, and 28
illustrate the spectral changes that were associat>d with SWE
readings that ranged from 87,045 to 146,671 while operating at 25%
torque. These abnormally high SWE fluctuations were only observed
at the lower operating torques of 17% to 42%

Aircraft #04 also had a 325 Hz spoctral line that was just over 10
db, but only at the minimum operating torque of 17%. There are
three other spectral lines worthy of note in the data acquired from
aircraft #04; 68 Hz, 126 Hz, and 50 Hz. The 68 Hz line corresponds
to the outer race defect frequency of the planet bearing in the
main transmission. This spectral line exceeded the 10 db limit
only at 25% torque and is shown in Figures 29 and 30. The 126 Hz
line never exceeds 10 db above backgrounu, but corresponds to the
1/rev of the idler gear assembly and the 1/rev. of the blower drive

gear assembly (refer to itema 4 & 7 in Figure 11). This frequency
could also be related to cage rubbing in one of the mix box input
pinion bearings (refer to item 15 in Figure 13). The 50 Hz

apectral line only exceeds 10 db at 50% torque (see Figure 31), and
is most probably a cage rvb frequency from one of the idler gear
assembly bearings (refer to items 12 and 13 in Figure 13).

Figures 32, 33, and 34 are representative spectra at 17%, 42%, and
68% torque.

Mix Box f1 Input Idler Gear {(Sensor Location #8)

No significant spectral lines more than 10 db above background

levels were observed at any torque level on aircraft #04. The only
clearly distinguishable spectral lines on this aircraft are at the
i/rev of the mix box input pinion gear. Afrcraft #01 exhibits

strong spectral 1ines assoctated with the 1/rev and harmonics of

51
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the mix box input pinion gear, but this occurs only at the lower
torques of 17% and 25%. Figures 35, 36, and 37 are representative
spectra at 17%, 42%, and 68% torque.
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4.0 O0H-58 Main Rotor Transmission Data Analysis
4.1 Teat Description and Sensor Locations

The OH-58 transmission was operated under load in a NASA-Lewis test
cell. The input torque was from 3621 to 3662 in.-1bs. and the
input speed varied from 6059 to 6066 RPM. Figure 38 illustrates
the location of the four stress wave sensors that were installed on
the OH-58 transmission during this test. Figures 39 and 40
illustrate the characteristic defect frequencies that were

calculated for gears and bearings in this gearbox when operating at
6060 RPM.

No other details regarding the operation of, or maintenance actions
on, the transmission are known to the writer at the time of this
report’'s preparation.

4.2 Data Analysis

Tables VII through X are summaries of the SWE statistical data for
each of the four sensor 1locations. These tables 1list the SWE
statistical data as of the £End 0Of Day (EOD) for each of the 28 days
of testing along with the elapsed total operating hours since the

beginning of the test. Figures 41 through 44 are bar-graph
representations of the SWE as a function of time at each sensor
location. The following is a narrative of the observed changes in

the SWE and its spectral content, at each sensor location.

Day 0, Total Test Time = 1:25

Sensor #1 (Top Cover Bolt #1)

The mean SWE is 40,900 and the dominant spectral lines are all
associated with two frequencies:

1. The frequency at which a planet gear passes a point on
the stationary ring gear, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

There are also some small lines associated with the rotor shaft

RPM, 5.79 Hz. The strongest spectral line is planet passage
frequency of 17.5 Hz that is about 16 db above background levels
and has two clearly evident harmonics. Figures 45A and 45B are

representative spectra for this sensor location.

Sensor #2 (Top Cover Bolt §2)

The mean SWE is 100,602 and the dominant sgspectral lines are all
associated with three frequencies:
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NADC PCB Accelerometer Locations
NASA 500-hp Transmission Test Stand
NAPC Lubricants Program - OH-58A Transmission

#1,2,3.4 attached to NADC mounting brackets which attach to housing studs. Tape ID:_ADYLUBHF /
Date: _9/89

I Transverse

-<——7> Longitudinal

1 Venical

~<—> longiudiral

Transmission input
il

Ol

90159C2
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Table XI

H-58 Power Spectral Density Identification Code

At the top of each Power Spectral Density sheet is an
identification code of the form:

H581/183:33

This code can be interpreted as follows:

Character No. Meaning

1-3 58 = aircraft type

4 1 = sensor location number

5 / = no meaning

6-11 183:33 = cumulative test time, HRS:MIN

g%
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1. The planet gear paassage frequency, 17.5 Hz;
2. The rotor shaft 1l/rev, 5.79 Hz; and
3. The mesh frequency for all the gears in the planetary

gear system, 573 Hz.

The lines associated with the rotor shaft RPM, 5.79 Hz, are wore of
a factor than at 1location #1, with an 11 db fundamental and
numerous harmonics that form side bands with 17.5 Hz and its
harmonics. The strongest spectral line is planet passage frequency
of 17.5 Hz that is about 21 db above background levels and also has
clearly evident harmonica. Figures 46A and 46B are representative
spectra for this sensor location.

Sensor § 3 (Mast Cover Bolt)

The mean SWE is 128,485 and the dominant spectral 1lines are
associated with two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The rotor shaft 1/rev, 5.79 Hz.
Both of these frequencies are about 11 db above background levels.
Figures 47A and 478 are representative spectra for this sensor
location.

Sensor § 4 (Input Pinion Housing)

The mean SWE is 100,602 and the dominant spectral 1lines are
associated with two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and
2. The input pinion gear shaft 1/rev, 101 Hz.
The planet gear passage frequency is about 10 db above background

levels. Figures 48A and 48B are representative spectira for this
sensor location.

Day 2, Total Test Time = 10:35

Sensor #1 (Top Cover Bolt #1)

The mean SWE has dropped to 26,372 and the dominant spectral lines
are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.
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The planetary gear mesh frequency is about 10 db above background
levels. There are also some 10 db lines associated with the rotor
shaft RPM, 5.79 Hz. The strongest spectral line is at the planet
passage frequency of 17.5 Hz that is about 20 db above background
levels and has four clearly evident harmonics. Figures 49 and 50
are representative spectra for this sensor location.

Sensor $2 (Top Cover Bolt §2)

The mean SWE has dropped to 38,191 and the dominant spectral lines
are all still associated with three frequencies:

1. The planet gear passage frequency, 17.5 Hz;
2. The rotor shaft l/rev, 5.79 Hz; and
3. The mesh frequency for all the gears in the planetary

gear system, 573 Hz.
Thes lines associated with the rotor shaft RPM, 5.79 Hz, are
fluctuating over a range of from 0-13 db and the 17.5 hz 1line
varies from 16-21 db as shown in Figure 51. The planetary gear
mesh frequency is also variable from 2-10 db above background
levels (see Figure 52).
Sensor § 3 (Mast Cover Bolt)

The mean SWE has dropped dramatically from 128,485 to 23,574 and
the dominant spectral lines are associated with two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The rotor shaft 1/rev, 5.79 Hz.
The rotor shaft 1/rev remains about the same at 10 db, but the 17.5
hz line has grown to about 15 db. Planetary gear mesh is also
present, but at less than a 10 db amplitude. Figures 53 and 54 are
representative spectra for this sensor location.
Sensor § 4 (Input Pinion Housing)
The mean SWE is 86,266 and there are no spectral lines over 10 db

in amplitude.

Day 3, Total Test Time = 14:55

Sensor #1 (Top Cover Bolt #1)

The mean SWE remains almost the same at 26,372 and the dominant
spectral lines are all associated with the same two frequencies:




Report No. NADC-91069-60
Contract No. N62269-85-R-0278

8P cG "¢~ *0HL

6 924nbj 4

AP vG "1Z- A ZH G2 LT X

ZH 001 *d0lS ZHW G8 "yS6 Mg . ZH O
GE:0T = IHIL qasdV1d ‘1# HOSNAS ‘BG-H
ﬁ
\\\ \A\\\ﬁ
ABP ¢vQ "12- A
ZH G2 “L1 X
OT1 Sy GE *010/18SH IGVN Vv

a3snvd :SNL1V.LS

A8GP B *33NVY

*1dV 1S
|

A1Q/
SIS
01

ABP

100




Report No. NADC-91069-60
Contract No. N62269-85-R-0278

“H 000 1 *:d0lS

0S 2u4nBi 4

N8P SV 22— A
ZH S8%S 6 Mg

2H GLS X

ZH O

SE

‘0T = HHAIL dISdVTd °‘T# HOSNHS ‘8G-H

ABP SV "22- A
ZH S5 X

ScC *SKWY
d3SNvd *SNLV.1S

GE *010/18GH
AP L *39INVY

IV VY

*14VLS
&L~

AI1Q/ m
gp o
01 -

AgP



Report No. NADC-91069-60
Contract No. N62269-85-R-0278

VIG 3unb1 4

gp 19 "4- *0HL AGP 8% 12— *A ZH G§ LT X
ZH 001 3:d01S ZHW S8 "vS6  *Md ZH O *ldV1S
£9-
GEZO0T = AWIL dASIVIA ‘78 HOGNAS “08G H
ANTQ/
apP
Ol

ABP B8Y "12-'A
ZH G LT X

ANGP
L1

OT *SKY GE *010/285H IVN *V
a3asnvd :SNiLv.S ABF LT *3INVY




Report No. NADC-91069-60
Contract No. N62269-85-R-0278

816G 9unBy 4

P 19 01 :0HL AGP 26 "G2- A “H GL 'S X

ZH 001 *dOlS ZHY GB "PSB Mg <H O

SE-0T = AWIL QASAVTIA "Z# HOSNIS 'gG-H

ABP QL "t2-1'A L.
ABP EQ 'S2- A zZH © 'pe x ANBP |26 ‘52— 1A
ZH gz 25 X NTQ SL 'S X

ABP LZL "Q1-1'A
ZH G2 41 X

0T *SWY . SE *010/28SH IVN Vv
d3snvd *:*snlvls ABP 12— *39NVY

L RS
LG—

ALQ/
apP
01

N8P
El



Report No. NADC-91069-60
Contract No. N62269-85-R-0278

<H 000 1 *d01S

VZGS aunb, g4

<H S8vS "6 Mg

<H O

GE:0T = AWIL AIdsSdVTId ‘Zz# HOSNAS °'8G-H
G2 ‘SKHWY GE *010/28GHT AV VY
a3asnvd :*SnNivls ABP 12— *33NVvY

lYVvls
£EG~-

ANTOQ/S
ap
Ot

NgP
L1

104




826 aunby gy
AP 21 "eZ2- A ZH G "2LS X
ZH 000 T :d0l1S “H G8YS "6 :*mM8 _ ZH C *lYV1S

L9—

GE:0T = AWIL AASAVIA ‘ZH# HOSNAS ‘8G-H

AV AS LIV . A1Q/

gpP
a1

108

ABP 21 "g2- 'A
ZH & °2LS X

Report No. NADC-91069-60
Contract No. N62269-85-R-0278

ANGP
£l

QAC Sc Sy SE *010/28SHe IV vV
d3asnvd ::snivils ABP 12— :39NVY




Report No. NADC-91069-60
Contract No. N62269-85-R-0278

ZH 000 1 *d0lS

326 24nb1 4

ABP SE 22— *A ZH G "2LS X
“H SB¥S 6 *MH <H O LYY 1S

LD—

GE:QT = IWIL gasdv1d ‘ZHk HOSNAS "8G-H

ANIQ/
ap
O1
ABP QE "22- 'A
zZH $§ 245 'X
A8P
el

Gc *SKWY
g3asnvd :*SNLVLS

GE *010/c8GHE JVNH V¥
ABP ET *30JNVd




Report No. NADC-91069-60
Contract No. N62269-85-R-0278

grP Sy *0- *aHl AP 8Y% "L2- A ZH G L1 X
ZH 001 :d01S ZHW G8 "¥SE Mg ZH O *1lYVLS
| G-
GE:O0T = HWHIL gasdv1a ‘€# HOSNAS ‘8G6-H
24 9
ATQ/
gp
01
AP 8VY “4LZS— A
ZH S LT 'X
AGP
-
aAQ 01 :SWY GE *010/E8SH YW Y

a3asnvd :SNLVLS

AGP T12-

*JINVY



Report No. NADC-91069-60
Contract No. N62269-85-R-0278

<4 000 1 *:d0.1S

G @anbi 4

ABP 1E "Q2— *A

ZH G "2LS X

ZH S8vS "6 *ME <H O
—
GE:0T = HWIL qasdvi1d ‘€# UOSNAS ‘8G-H
S b5

S290

ABP TE "gc2-— A
ZH S *2Ls X

Q71AQ0 GcZ *SWY GE *010/E8SH VI ¢

a3snvd *SNLv.LS AP G 3INVY

*1lHV LS
GL-

NICQ/
apP
gl

108

AP




Report No. NADC-91069-60
Contract No. N62269-85-R-0278

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

The planetary gear mesh frequency is about 7 db above background
levels. The strongest spectral line is at the planet passage
frequency of 17.5 Hz. It is about 20 db above background levels
and has four clearly evident harmonics.

Sensor #2 (Top Cover Bolt #2)

The mean SWE has increased to 48, 380.

Sengor § 3 (Mast Cover Bolt)

The mean SWE is 25,972 and the dominant spectral 1lines are
associated with two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and
2. The planetary gear mesh frequency, 573 Hz.

Figures 55 and 56 illustrate 17.5 Hz side bands around the gear
mesh frequency.

Sensor § 4 (Input Pinion Housing)
The mean SWE is 86,231 and there are no spectral lines over 10 db

in amplitude.

Day 4, Total Test Time = 19:22

Sensor #1 (Top Cover Bolt #1)

The mean SWE decreased slightly to 22,503 and the dominant spectral
lines are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

The planetary gear mesh frequency is about 10 db above background
levels. The strongest spectral 1line is at the planet passage
frequency of 17.5 Hz. It is about 20 db above background levels.
Senaor #2 (Top Cover Bolt #2)

The mean SWE has dropped from 48,380 to 27,117 and the dominant
spectral lines are:
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1. The planet gear passage frequency, 17.5 Hz: and

2. The planetary gear mesh frequency, 573 Hz.
The 17.5 Hz line is 20 db above background levels and has four
harmonics. The gear mesh is only about 6 db above background
levels.

Sensor # 3 (Mast Cover Bolt)

The mean SWE has dropped from 25,972 to 10,860 and there are no
significant spectral lines.

Sengsor # 4 (Input Pinion Housaing)
The mean SWE is 90,744 and there are no spectral lines over 10 db

in amplitude.

Day 5, Total Test Time = 23:35

Sensor #1 (Top Cover Bolt #1)

The mean SWE increased slightly to 27,465 and the dominant spectral
lines are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

The planetary gear mesh frequency is about 6 db above background
levels. The strongest spectral line is at the planet passage
frequency of 17.5 Hz. It is about 20 db above background levels
and has four clearly evident harmonics.

Sensor #2 (Top Cover Bolt $2)

The mean SWE has increased gradually to 36,749 and the dominant
spectral lines are:

1. The planet gear passage frequency, 17.5 Hz; and
2. The planetary gear mesh frequency, 573 Hz.

The 17.5 Hz line is 20 db above background levels and has three
harmonics. The gear mesh is 10 db above background levels.

Sengsor § 3 (Mast Cover Bolt)

The mean SWE has increased from 10,860 to 20,870. The 17.5 Hz
spectral line has grown to 10 db and has three harmonics.
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Sensor # 4 (Input Pinion Housing)

The mean SWE is 86,023 and there are no spectral lines over 10 db
in amplitude.

Days 6-9, Total Test Time = 55:52

Sensor #1 (Top Cover Bolt #1)

The mean SWE increased slightly to 28,978 and the dominant spectral
lines are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

The planetary gear mesh frequency is about 10 db above background
levels. The strongest spectral line is at the planet passage
frequency of 17.5 Hz. It is about 21 db above background levels
and has four clearly evident harmonics.

Sensor #2 (Top Cover Bolt $2)

The mean SWE has increased gradually to 37,133 and the dominant
spectral lines are:

1. The planet gear passage frequency, 17.5 Hz; and
2. The planetary gear mesh frequency, 573 Hz.

The 17.5 Hz line is 20 db above background levels and has three
harmonics. The gear mesh is 11 db above background levels.

Sensour § 3 (Mast Cover Bolt)

The mean SWE has remained relatively constant and is at 20,770.
The 17.5 Hz spectral line has grown to 11 db and has an equally
strong 2nd harmonic at 52 Hz. An 11 db line has also developed at
the rotor shaft 1/rev (5.75 Hz) and at 10 Hz.

Sensor # 4 (Input Pinion Housing)
The mean SWE has gradually increased to 93,12C and there are no
spectral lines over 10 db in amplitude. A small 4-5 db spectral

line is sometimes present at 595 Hz. This is the outer race defect
frequency for the input pinion triplex ball bearing.

Day 10, Total Test Time = 62:31

Sensor #1 (Yop Cover Bolt §#1)
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The mean SWE increased from 28,978 to 51,374 and the dominant
spectral lines are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

The planetary gear mesh frequency is about 11 db above background
levels. The strongest spectral 1line is at the planet passage
frequency of 17.5 Hz. It is about 20 db above background levels
and has four clearly evident harmonics. Other significant spectral
lines are present at the rotor shaft 1/rev and at 9.75 Hz.

Sensor §2 (Top Cover Bolt #2)

The mean SWE has increased from 37,133 to 68,701 and the dominant
spectral lines are:

1. The planet gear passage frequency, 17.5 Hz;
2. The planetary gear mesh frqquency, 573 Hz;
3. The rotor shaft 1/rev, 5.75Hz; and

4. 9.75 Hz from an unknown source.

The 17.5 Hz line is 13 db above background levels and has four
harmonics. The gear mesh is 10 db above background levels. The
5.75Hz and 9.75 Hz lines are also at about 10 db.

Sensor #§ 3 (Mast Cover Bolt)

The mean SWE increased from 20,870 to 33,633 and then settled back
to 14,589 at 62:31 total test time. A1) aspectral lines have fallen
to less than 10 db above background levels.

Sensor § 4 (Input Pinion Housing)

The mean SWE increased from 93,120 to 104,574 and then settled back
to 98,369 at 62:31 total test time. A 13 db spectral line has
appeared at the planet passage frequency of 17.5 Hz and at the
input pinion 1/rev. There is a comparable amplitude 18t harmonic
of the input pinion 1/rev and an 11 db line at the input pinion
gear mesh frequency of 1915 Hz. A small 3-4 db spectral line is
present at 600 Hz. This is the outer race defect frequency for the
input pinion triplex ball bearing. Figures 57 and 58 illustrate
these spectral changes.

Day 12, Total Test Time = 76:23

Sensor #1 (Top Cover Bolt §1)
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The mean SWE increased from 51,374 to 55,478 and the dominant
spectral lines are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear aystem, 573 Hz.

The planetary gear mesh frequency is about 10 db above background
levels. The strongest spectral line is at the planet passage
frequency of 17.5 Hz. It is about 21 db above background levels
and has four clearly evident harmonica. Other significant spectral
lines are present at the rotor shaft 1/rev and at 10 Hz.

NOTE: The data sheets provided by government personnel
indicate that this sensor was disconnected at this time due to
a "17 Hz oscillation™”. This does not agree with the data on
tape which appears valid and quite similar to data acquired
both before and after the alleged disconnection of sensor §#1.

Sensor $2 (Top Cover Bolt $2)

The mean SWE has increased from 68,701 to 75,131 and the dominant
spectral lines are:

1. The planet gear passage frequency, 17.5 Hz;
2. The planetary gear mesh frequency, 573 Hz;
3. The rotor shaft 1/rev, 5.75Hz; and

4. 9.75 Hz from an unknown source.

The 17.5 Hz line is 16 db above background levels and has four
harmonics. The gear mesh is 10 db above background levels. The
5.75Hz and 9.75 Hz lines are also at about 10 db.

Sensor # 3 (Mast Cover Bolt)

The mean SWE is relatively unchanged at 14,054. The 17.5 Hz
spectral line is up to 10 db and the rotor shaft 1/rev is about 6
db above background levels.

Sensor # 4 (Input Pinion Housing)

The mean SWE is essentially unchanged at 93,513. The planet
passage frequency of 17.5 Hz is at 16 db and the input pinion 1/rev
is about 12 db above background. There is a comparable amplitude
1st harmonic of the input pinion 1/rev and an 8 db line at the
input pinion gear mesh frequency of 1915 Hz. A small 3 db spectral
line is present at 600 Hz. This is the outer race defect frequency
for the input pinion triplex ball bearing.
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Day 13, Total Test Time = 83:20

Sensor $#1 (Top Cover Bolt ¢#1)

The mean SWE is about the same at 55,395 and the dominant spectral
lines are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

The planetary gear mesh frequency is about 8 db above background
levels. The strongest spectral line is at the planet passage
frequency of 17.5 Hz. It is about 21 db above background levels
and has four clearly evident harmonics. Other eignificant spectral
lines are present at the rotor shaft 1/rev and at 10 Hz.

Sensor $2 (Top Cover Bolt £2)

The mean SWE has decreased from 75,131 to 71,136 and the dominant
spectral lines are:

1. The planet gear passage frequency, 17.5 Hz;
2. The planetary gear mesh frequency, 573 Hz,
3. The rotor shaft 1/rev, 5.75Hz; and

4. 9.75 Hz from an unknown source.

The 17.5 Hz line is 16 db above background levels and has four

harmonics. The gear mesh is 10 db above background levels and has
several 17.25 Hz side banda. The 5.75Hz and 9.75 Hz lines are also
at about 10 db. Figures 59, 60, and 61 show these spectral
features.

Senaor § 3 (Mast Cover Bolt)
The mean SWE is relatively unchanged at 13,765. The 17.5 Hz
spectral line is up to 10 db and there are no other apparent

spectral features.

Sensor § 4 (Input Pinion Housing)

The wmean SWE is wup slightly at 93,513. The planet passage
frequency of 17.5 Hz is at 15 db and the input pinion 1/rev is
about 12 db above background. There is a comparable amplitude 1st

harmonic of the input pinion 1/rev and an 8 db line at the input
pinion gear mesh frequency of 1915 Hz. A very amall 2 db spectral
line is present at 600 Hz. This is the outer race defect frequency
for the input pinion triplex ball bearing.
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Day 14, Total Test Time = 87:18

Sensor #1 (Yop Cover Bolt §#1)

The mean SWE has dropped from 55,395 to 44,457 but the dominant
spectral 1ines are all associated with the same two frequencies:

1. The planet gear passage frequency, 17.5 Hz; and

2. The mesh frequency for all the gears in the planetary
gear system, 573 Hz.

The planetary gear mesh frequency is about 10 db above background

levels. The strongest spectral 1line is at the planet passage
frequency of 17.5 Hz. It is about 13 db above background levels
and has four clearly evident harmonics. One other 10 db spectral

line is present at 10 Hz.
Sensor $2 (Top Cover Bolt #2)

The mean SWE has decreased from 71,136 to 60,457 and the dominant
spectral lines are:

1. The planet gear passage frequency, 17.5 Hz;
2. The planetary gear mesh frequency, 573 Hz;
3. The rotor shaft t/rev, 5.75Hz; and

4. 9.75 Hz from an unknown source.

The 17.5 Hz line is 16 db above background levels and has four
harmonice. The gear mesh is 5 db above background levels but was
10 db above at the start of the day (Total Time = 84:18). The
5.75Hz line also dropped from 12 db at the star of the days testing
to about 6 db at the end of the day.

Sensor #§ 3 (Mast Cover Bolt)

The mean SWE increased from 13,765 to 18,629. The 17.5 Hz spectral
line is up to 13 db (10 db at the start of the day) and there are
three apparent harmonics. The rotor shaft 1/rev atarted the day at
12 db but decreased to about 3 db by the end of the day.

Sensor § 4 (Input Pinion Housing)

The mean SWE increased from 93,513 to 110,274 (113,343 at the start
of the day). There are no spectral lines at 10 db or above
background levels, but 6 db features are apparent at 600 Hz and at
1800 Hz.
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Day 16, Total Test Time = 102:11

Sensor #1 (Top Cover Bolt §#1)

The mean SWE has increased from 44,457 to 64,036 but the dominant
spectral lines are all associated with the 17.25 Hz planet gear
passage frequency. The planetary qgear mesh frequency is about 3 db
above background levels. The strongest spectral line is at the
planet pasgssage frequency of 17.5 Hz. It is about 20 db above
background levels and has three clearly evident harmonics.

Sensor #2 (Top Cover Bolt #2)
The mean SWE increased from 60,457 to 72,877 on day 15 and then

dropped to 68,366 by the end of testing on day 16. The dominant
spectral lines are:

1. The pilanet gear passage frequency, 17.25 Hz:
2. The planetary gear mesh frequency, 573 Hz;
3. The rotor shaft 1/rev, 5.75Hz; and

4. 9.75 Hz from an unknown source.

The 17.5 Hz line is 13 db above background levels and has four
harmonics. The gear mesh is 10 db above background stress wave
energy.

Sensor # 3 (Mast Cover Bolt)

The mean SWE increased from 18,629 to 19,026. The 17.25 Hz
spectral JTine is still at 13 db and there are three apparent
harmonics. The 9.75 Hz frequency from an unknown source is at 11

db above background levels.
Sensor # 4 (Input Pinion Housing)

The mean SWE increased from 110,274 to 125,275. There are four
spectral lines at 10 db or above background levels. The 17.5 Hz
line has an amplitude of 12 db. The input pinion 1/rev and its
harmonic(?) are about 12 db above background levels. The amplitude
of the input pinion gear mesh spectral line is 10 db.

Day 15, Total Test Time = 125:02

Sensor #1! (Top Cover Bolt #1)

The mean SWE has decreased from 64,036 to 49,634. The dominant
spectral lines are all associated with the 17.25 Hz planet gear
passage frequency. The planetary gear mesh frequency is about 11

db above background levels. The strongest spectral line is at the
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planet passage frequency of 17.25 Hz. It is about 12 db above
background levels and has three clearly evident harmonics. The 10
Hz s8spectral line of unknown origin is also present at a 10 db
amplitude.

Senaor #2 (Top Cover Bolt $2)

The mean SWE increased from 68,336 on day 16 to 97,439 at the start
of testing on day 19 and then dropped to 86,126 by the end of
testing on day 19. The dominant spectral lines are:

1. The planet gear passage frequency, 17.25 Hz;
2. 83.5 Hz from an unknown source; and
3. The input pinion 1/rev, 100 Hz.

The 17.5 Hz line is 20 db above background levels and has three
harmonics. The 83.5 Hz frequency from an unknown source is at 13
db above background levels. The 100 Hz input pinion 1/rev is at 10
db and has 17.25 Hz side bands.

Sensor § 3 (Mast Cover Bolt)

The mean SWE increased from 19,026 at the end of day 16 to 38,165
during the first hour of testing on day 19, then dropped back to
19,631 by the end of day 19. The 17.25 Hz spectral line is still
at 13 db and there are 1st and 3rd harmonics. The planetary gear
mesh frequency is evident but has an amplitude of only 6 db.

Sensor # 4 (Input Pinion Housing)
The mean SWE remained steady and finished the day at 125,475.
There are three spectral lines at 10 db or above background levels.

The 17.5 Hz Yine has an amplitude of 11 db. The input pinion 1/rev
and its harmonic(?) are at about 10 db above background levels.

Day 21, Total Test Time = 136:18

Sensor g1 (Top Cover Bolt #1)

The mean SWE increased from 49,634 on day 19 to 59,109 on day 20
and then dropped back to 53,917 by the end of day 21. The dominant
spectral lines are all associated with the 17.25 Hz planet gear
passage frequency. The planetary gear mesh frequency is about 10
db above background levels. The planet passage frequency of 17.25
Hz is about 10 db above background levels and has three clearly
evident harmonics. The 9.75 Hz spectral tine of unknown origin is
also present at a 10 db amplitude.
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Sensor $2 (Top Cover Bolt $2)

The mean SWE decreased from 86,126 at the end of testing on day 19
to 78,485 by the end of day 21. The dominant spectral lines are:

1. The planet gear passage frequency, 17.25 Hz;

2. 83.5 Hz from an unknown source,;

3. The input pinion 1/rev, 100 Hz, and

4. The rotor shaft 1/rev, 5.75 Hz.
The 17.5 Hz line is 13 db above background levels and has four
identifiable harmonics. The 83.5 Hz frequency from an unknown
source is at 13 db above background levels. The 100 Hz input

pinion 1/rev is at 6 db and has 17.25 Hz side bands. The amplitude
of the rotor shaft 1/rev is 10 db.

Sensor § 3 (Mast Cover Bolt)

The mean SWE decreased from 19,631 at the end of day 19 to 18,779
during the last testing on day 21. The 17.25 Hz gpectral line is
still at 13 db and there are three harmonics. The planetary gear
mesh frequency is evident but has an amplitude of only 6 db.

Sengor § 4 (Input Pinion Housing)

The mean SWE decreased to 112,363. All spectral lines except 600
Hz and its harmonics have disappeared. The 600 Hz frequency has an
amplitude of only 8 db above background, and two harmonics that are
2-3 db each. 600 Hz is the ball passage frequency over a point on
the outer race of the input pinion tripliex bearing.

Day 25, Total Test Time = 165:04

Sensor #1 (Top Cover Bolt #1)

The mean SWE increased from 53,917 on day 21 to 56,405 on day 22
and then dropped back to 46,838 by the end of day 25. The dominant
spectral lines are all associated with the planetary gear system
frequencies. The planetary gear mesh frequency is about 12 db
above background 1levels. The strongest spectral line, at the
planet passage frequency of 17.25 Hz, 1is about 22 db above
background levels and has four clearly evident harmonics. The 9.75
Hz spectral line of unknown origin and the rotor shaft 1/rev are
also present at a 10-11 db amplitude.

Sensor #2 (Top Cover Bolt $2)

The mean SWE decreased from 78,485 at the end of testing on day 21
to 64,995 by the end of day 22. It then remained relatively
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unchanged for three days, finishing day 25 at 63,692. The spectral
features also remained very sgtable during this period. The
dominant spectral lines are:

1. The planet gear passage frequency, 17.25 Hz;
2. The planetary gear mesh frequency, 573 Hz;
3. The rotor shaft 1/rev, .75 Hz, and

4. the 9.75 Hz frequency of unknown origin.

The 17.5 Hz line is 16 db above background levels and has four
identifiable harmonics. The planetary gear mesh frequency has a 12
db ampiitude and the rotor shaft 1/rev is at 11 db. The 9.75 Hz
frequency from ar unknown source is at 10 db above background
levels. Figures 62, 63, and 64 illustrate the spectral features
during this 4 day period, including 17.5 Hz side bands about the
planetary gear mesh frequency.

Sensor § 3 (Mast Cover Bolt)

The mean SWE decreased from 18,779 at the end of day 21 to 15,446
during the last testing on day 22. It then remained relatively
unchanged for three days, finishing day 25 at 15,373. The
amplitude of the 17.25 Hz spectral line varied from undetectable to
11 db and finished day 25 at about 8 db. The planetary gear mesh
frequency amplitude also fluctuated from a maximum of 10 db to a
minimum of 6 db where it finished on day 25. There was no
significant harmonic content in either of these frequencies.

Sensor § 4 (Input Pinion Housing)

The mean SWE increased from 112,363 to 119,837 during testing on
day 22, then fell back down to 111,516 on the next day. The SWE
then increased slowly for the remainder of this 4 day period and
finished day 25 at 118,676. A significant change in sapectral
features accompanied the SWE increase on day 22. Figures 65 and
66 show these spectral changes which included lines of 10 db or
greater at the planet passage frequency, the input pinion gear
1/rev, and the input pinion gear mesh. When the SWE level fell
during operation the following day, all these frequencies
disappeared and the spectrum returned to the way it was on day 21.
Figures 67 and 68 are the spectra obtained at the end of day 25.
A1l spectral lines except 600 Hz ard its harmonics have
disappeared. The 600 Hz frequency has an amplitude of only 8 db
above background, and two harmonics that are 2-3 db each. 600 Hz
is the ball passage frequency over a point on the outer race of the
input pinion triplex bearing.
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Day 26, Total Test Time = 169:08

Sensor #1 (Top Cover 801t g1)

The mean SWE increasea from 46,838 on day 25 to 72,447 on day 26.
The spectral characteristics changed dramatically in conjunction
with this rapid increase in SwWE. The dominant spectral feature
became a 21 db, 23 Hz spectral line and its harmonics. Figure 69
illustrates this feature. This 23 Hz frequency is very close to
the 1/rev of the sun gear. The 1st harmonic of the retior shaft
1/rev and the planet passage frequency are also over 10 db in
amplitude, although their fundamental frequencies are at low
amplitude. Figure 70 shows the 568 hz line associated with the
planetary gear mesh,and figure 71 shows the 23 Hz side bands formed
around this frequency.

Sensor #2 (Top Cover Bolt §2)

The mean SWE decreased from 63,692 at the end of testing on day 25
to 58,973 by the end of day 26. The spectral characteristicas show
a dramatic change, similar to that displayed by sensor §#1. The
only significant spectral 1line is at 23 Hz and its harmonics.
Furthermore, the strongest spectral line is at the 3/rev of the sun
gear, which is the frequency at which a point on the sun gear
contacts the three planet gears. Figures 72 and 73 illustrate
these features.

Sensor § 3 (Mast Cover Bolt)

The mean SWE decreased from 15,373 at the end of day 25 to 12,229
during the last testing on day 26. A1l significant spectral
characteriatica disappeared.

Sensor # 4 (Input Pinion Housing)

The mean SWE increased from 118,676 to 131063 during testing on day
26. There are no spectral lines of 10 db or more in amplitude, but
the 23.5 hz sun gear frequency is a new feature with an amplitude
of about 8 db. The input pinion 1/rev at 101 Hz is also present
along with its associated (harmonic ?) 193 Hz spectral line.

Day 28, Total Test Time = 183:33

Sensor #1 (Top Cover Bolt §1)

The mean SWE decreased from 72,447 on day 26 to 63,807 on day 28.
The dominant spectral feature remains a 21 db, 23 Hz spectral line
and its harmonics. Figure 74 illustrates this feature. Figure /5
shows the 568 hz line associated with the planetary gear mesh, and
figure 76 shows the 23 Hz side bands formed around this frequency.
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Sensor §2 (Top Cover Bolt $2)

The mean SWE remained essentially constant from day 26 through day
28. The only significant spectral 1line is at 23 Hz and its
harmonics.

Sensor § 3 (Mast Cover B8olt)

The mean SWE remained essentially conastant from day 26 through day
28. There are no spectral lines with an amplitude of 10 db or
more, but a 6 db 23 Hz frequency is also present at this sensor
location.

Sensor # 4 (Input Pinion Housing)

The mean SWE increased from 131,063 to 162,336 during the last two
days of testing. There are four spectral lines of 10 db or more in
amplitude: the 23.5 Hz sun gear frequency at 13 db, the 101 Hz
input pinion 1/rev at 13 db, the 1920 Hz input pinion gear mesh at
11 db, and the 570 Hz planetary gear mesh at 10 db.
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5.0 Conclusions and Recommendations
5.1 CH-46 Input Pinion Anomaly

Conclusions

Due to the limited amount of data obtained, it is not realistic to
draw firm conclusions on this issue. It appears as though the
“peaking” of SWE readings during taxi operations with the nose gear
raised off the ground is associated with either the blower drive
gear assembly or the idler gear assembly in the wmix box. Of these
two possibilities, the blower drive gear assembly seems to be the
most Jikely cause. It is hypothesized that small amounts of
fuselage structural bending are caused by exerting more collective
pitch and lifting forces on the front of the CH-46 tandem rotor
helicopter. This structural bending the causes a small amount of
misalignment between the o0il cooler blower and its related drive
gear assembly in the mix box. Misalignment typically results in
cyclic loading of the gear at its 1/rev frequency, in this case
126 Hz. Both this 1/rev frequency and the SWE increased and
decreased at the same time on aircraft $04. This fact is the
strongest piece of evidence to support this hypothesis. Some
perplexing questions on this issue remain:

1. Why would this misalignment of the blower drive assembly,
which is located at the top center of the mix box, be
observable at transmission input pinion but not at other
points on the mix box ?

2. Why was this "peaking"” phenomenon not observed on the $01
aircraft ?

Regardiess of the uncertainty associated with the above, it can be
stated that at no time has this SWE "peaking" with the nose high
attitude been related to the 1/rev of the transmission "input
pinion/quill shaft nor any of the characteristic defect frequencies
of its support bearings.

On aircraft #01 there was a considerable amount of SWE at the 1/rev
frequency of the mix box input pinion gear. This was most evident
on the number 2 side of the mix box and was a much more dominant
spectral characteristic on aircraft $01 than on aircraft §02. This
may be related to why “peaking" could not be observed on aircraft
#01 since the amounts of SWE generated by input pinion imbalance or
misalignment could obscure the SWE from misalignment of the slower
speed blower drive gear. Unfortunately, the difference in tape
recorder gains make it impossible to directly compare SWE data from
the mix box sensor locations to see if aircraft #01 had higher SWE

levels than aircraft $02. If aircraft #01 did have higher SWE
levels than aircraft $02, it could be the answer to question 2
above. Another possible factor in anawering question 2 would be

any differences between aircraft in the basic alignment of the oil
cooler blower and the mix box.
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Recommendations

1. The data collection on aircraft #01, or another H-46 of the
same model should be repeated using the same gain settings as
used on aircraft #04.

2. When accomplishing recommendation number 1, an additional
sensor should be mounted on the wix box housing in the
vicinity of the blower drive assembly.

Implementation of the above recommendations will assist in

answering both questions 1 and 2.

5.2 OH-58 Advanced lubrication Testing

Conclusions

The numerous changes in SWE and their correlation with changes in
gear and bearing spectral characteristics clearly demonstrate the
ability of Stress Wave Analysis to monitor the condition of dynamic
components 1in helicopter transmissions. The specific spectral
characteristics observed in conjunction with SWtL trends indicate
that several different types of discrepant conditions developed
during the 28 days of testing. These discrepancies include:

1.) Planet gear/bearing assembly damage or damage tao the
teeth on the stationary ring gear of the planetary gear
system.

2.) Damage to the sun gear located at the center of the
planetary gear system.

3.) Probable damage to the input pinion gear and one or more
of the outer races of its triplex bearing. The changing
amplitudes of the input pinion 1/rev in conjunction with
fluctuations in the SWE level, as well as the relatively
low amplitudes of the bearing outer race frequencies, are
indicative of pieces of metallic debris becoming cold
worked onto the surface of the gear teeth and bearing
race.

4.) While there is no evidence of damage to the mast bearing,
its extremely high initial SWE reading is indicative of
a problem that quickly "worked itself out™. This could
have been a short term lubrication problem, skidding of
bearing rolling elements, or a rubbing between some
rotating and non-rotating structures that ceased after
“"wear in".

5.) At several locations and at several times during the 28

days of testing, evidence was present to indicate the
presence of particulate debris becoming entrapped and
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cold worked onto the contact surfaces of gears and
bearings.

Recommendations

1.)

2.)

The observations documented in this report should be
correlated with the debris indications from <chip
detectors during the 28 days of testing.

The observations documented in this report should be
correlated with maintenance actions taken during the 28
days of testing.

The observations documented in this report should be
correlatod with the results of disassembly inspection
reports generated during the 28 days of testing.




DISTRIBUTION LIST (Continued)
Report No. NADC-91069-60

No. of Copies

Liberty Technology Center, Inc.
Lee Park, 1100 E. Hector Street
Conshohocken, PA 19428
Mr. M. Dowling . . .. e 1

Diagnostic Equipment Development, Inc.
6899 N.E. 7th Ave.
Boca Raton, FL 33487
Mr. D Board .. ... e i

Monitoring Technology Corporation
2779 Hartland Rd.
Falls Church, VA 22043
Dr. E.Page . .. ... . 1

Technology Integration and Development Group, inc.
One Progress Road
Billerica, MA 01821
Mr. N Higbie ..o 1

Dynamic Instruments, Inc.
9440 Carroll Park Drive
San Diego, CA 92121-2256
Mr H O NeSS - . . 1

Franklin Research Center
Valley Forge Corporate Center
2600 Monroe Boulevard
Norristown, PA 19403
Mr. Mo Neary . 1

Defense Technical Information Center
ATTN: DTIC-FDAB

Cameron Station BG5

Alexandria, VA 22304-6145

Center for Naval Analysis

4401 Fort Avenue

P.O. Box 16268

Alexandria, VA 22302-0268 . . . . . . .. 1




DISTRIBUTION LIST
Report No. NADC-91063-60

No. of Copies

Naval Air Development Center

Warminster, PA 18974-5000
Code 6061, Tony DeGennaro . ... .......... ... 12
Code 8131 ... 2

David Taylor Research Center
Annapolis, MC 21402-5067
Code 772Z, Mi. B. Nickerson ... ... ... .. .. . . e e 2

David Taylor Research Center

Bethesda, MD 20084-5000
Code 187, Mr. R. Ploe . ... ... . e 2
Code 18071, Mr. J. Chesley .. ... ... ... . . . . 2

Naval Air Test Center
Patuxent River, MD 20670-5304
RWATD, Code RW82B, Mr M. Hollins . .. ... . ... . . . . . . .. 1

Naval Aviation Depot
Naval Air Station
Pensacola, FL 32508-5300
PSD, Code 310, Mr. Bill Sullivan . .. ... .. ... ... . ... 1

NASA, Lewis Research Center
Cleveland, OH 44135
Code 2730, MS77-10, Mr. D. Townsend . . . . ... ... ... . . . . .. e 2

U.S. Army Aviation Research & Technology Activity
Advanced Aviation Technology Directorate, (AVSCOM)
Ft. Eustis, VA 23604-5577
SAVRT-TY-AFR, Mr. H. YOUNG . . . . .. 1

Army Tank Automotive Command
Warren, Ml 48397-5000

AMSTA-RVD, RJ. Watls .. ... ... ... 1
Bell Helicopter Textron
P.O. Box 482
Fort Worth, TX 76101

Structural Dynamics, Mr. W. Wilson . . ... .. .. ... ... 1

Boeing Helicopter
P.O. Box 16858
Philadelphia, PA 19142
Structural Dynamics, Mr. J. Rose ... .. ... ... L 1




